J. A SAxTON
AR NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MSC INTERNAL NOTE NO.67-FM-180
November 28, 1967

. :‘4x$9

o O 8 LERATE
* IRV
E B I‘.{z\’;‘_.a EOT h',
955 L'T 7. 7p.c. =0~

Woliadio o

LUNAR MODULE CONSUMABLES
ANALYSIS FOR MISSION
AS-505/CSM-104/LM-4

By Martin L. Alexan

and
Arnold J. Loyd

Guidance and Performa

MISSION PLANNING AND ANALYS!IS DIVISION

.
ey
. o Ty
' [ )
PR YSEINERIP M &
ey

MANNED SPACECRAFT CENTER

w.;,#-"
< vt‘a HOUSTON, TEXAS
So——, {NASA-TM-X-69748) LUNAE MCDULE N74-70657
et CONSUMABLES ANALYSIS FOR MISSION

.............. AS-5C5/CsM-104/LM-4 (NASA) 38 p

.............. Unclas

....... 00/99 16248




MSC INTERNAL NOTE NO. 67-FM-180

PROJECT APOLLO

LUNAR MODULE CONSUMABLES ANALYSIS FOR
MISSION AS-505/CSM-104/LM-4

By Martin L. Alexander and Arnold J. Loyd
Guidance and Performance Branch

November 28, 1967

MISSION PLANNING AND ANALYSIS DIVISION
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER
HOUSTON, TEXAS

1 .7 ,
Approved: /7{»/:7.»6/& M
Marlowe D. Cassetti, Chief

O SR ~
Guidance and Peirformance Branch

Missiod Planning and Analysis Division




TABLES

Table Page

I MODEL B-2" RENDEZVOUS . . « . v v v ¢ v v o« o o o o = o« & 5

IT LM-RCS PROPELLANT AVAILABLE FOR MISSION PLANNING . . . . 5

IIT IM-RCS PROPELLANT USAGE . . . . « « v ¢ v v ¢ « + o o + & 6
IV  NOMINAL IM-RCS PROPELLANT BUDGET FOR MODEL B-2"

RENDEZVOUS . & ¢ v v o v v 4 o v o o o s o o o o o o 7

V  MODEL C-2 LM-ACTIVE RENDEZVOUS . . . . « « &« ¢ o o + & & 1k

VI NOMINAL IM-RCS PROPELLANT BUDGET MODEL C-2
RENDEZVOUS . & ¢ v ¢ 4 v v v 6 v o v v o o o o o o o & 15

VII 1M ELECTRICAL POWER ANALYSIS FOR THE
AS-505/104/IM=k MISSION . . v v v v v v o o & o o o o 17

iii



LUNAR MODULE CONSUMABLES ANALYSIS FOR MISSION AS-505/CSM-10L4/IM-L4

By Martin L. Alexander and Arnold J. Loyd

SUMMARY AND INTRODUCTION

A detailed analysis of the lunar module consumatles budget for the

. primary rendezvous model to be used for mission AS-505/CSM-10L4/IM-k is
presented. While the rendezvous model is subject to change as the plan-
ning of the mission progresses, the material contained in this report is
essential to defining the current approach to performing a consumables
analysis including data sources, methods of calculation, and expected
procedural details of the flight which affect the consumables usage. This
analysis shows a positive margin of consumables remaining at the comple-
tion of the nominal mission.

A less detailed analysis of the slternate rendezvous model C-2 for
the mission is included, and it too shows a positive margin of consumables
remaining at the end of the nominal mission.

The factors most likely to change the results presented in this
document will be (1) changes to the mission timeline, (2) improved data
sources such as postflight data from missions preceding this one, or
certain phases of this mission, and (3) details of the flight plan and
crew procedures which may be different from those assumed here.

IM REACTION CONTROL SYSTEM PROPELLANT BUDGET

In order to check out the IM systems thoroughly in earth-orbital
flights, mission models which depart considerebly from the lunar landing
mission have been proposed, resulting in IM consumables becoming the
limiting factor for some models. In particular, IM activity while docked
to the command and service modules (CSM) and firings of the descent pro-
pulsion system (DPS) in the rendezvous sequence may be quite expensive
in usage of IM reaction control system (RCS) propellant for moment control.
In order to fly this mission, the LM-RCS propellant usage adds one con-
straint to the mission, i.e., the alternate rendezvous model C-2 cannot
be flown without utilizing ascent propellant through the interconnect in
the RCS thrusters during the descent firings in the rendezvous sequence.
While the primary rendezvous model B-2" could be flown without utilizing
the interconnect, the RCS propellant margin at the completion of 1M
activity would be reduced by approximately 30 1b.



The IM RCS performs the following functions:

1. Provides small thrust impulses to stabilize the IM during burns
of the descent and ascent propulsion systems.

2. Provides necessary thrust impulses to control the vehicle attitude
(movement around an axis) and vehicle translation (movement along an axis)
during such phases of the mission as rendezvous and docking maneuvers.

3. Provides necessary thrust impulses to accomplish the IM/CSM
separation maneuver.

4. Provides necessary thrust impulse to accomplish acceleration for
ullage settling in the descent and ascent propellant storage tanks, when
required. '

The primary sources of data are references 1, 2, and 3. Other data
sources, where used, are referenced specifically. The accuracy of the
parametric data in references 1, 2, and 3 is stated to be within
+10 percent. Refinements to the data are expected to arise from postflight
data derived from flights preceding this mission, actual simulations of
portions of this mission, and further analyses.

The primary rendezvous model upon which this analysis is based may
be found in table I and is the model B-2" rendezvous as defined
October 17, 1967. Table II gives the quantity of IM-RCS propellant avall-
able for mission planning; table III gives a breakdown of IM-RCS propel-
lant usage by blocks; this data is plotted in figure 1. These blocks are
further broken down into individual events in table IV, which also pro-
vides a detailed 1list of the assumed flight plan, data sources, and method
of calculation in obtaining the propellant usage numbers given here.

Table V gives the rendezvous timeline for the alternate rendezvous
model C-2, and the IM-RCS propellant usage for this model is given in
table VI.

ELECTRICAL POWER ANALYSIS

Since this particular flight is now slated to be flown with the IM-k
vehicle, a high energy consumer was omitted from consideration in this
analysis. Presently, developmental flight instrumentation is not sched-
uled to be in any vehicle subsequent to IM-3. Since this equipment re-
quires approximately 700 watts, both descent and ascent stage batteries
on the IM-k get a power draining reprieve in comparison to budgets per-
formed on similar timelines in the past.



Assumptions played a vital role in the final determination of the
electrical power usage for the B-2" rendezvous scheme of the IM-4 mission.
The principal assumptions are listed below.

1. The RCS heaters will not necessarily be required during long
phases after the thrusters have been fired. This assumption is documented
in reference k.

2. IM-4 will have no developmental flight instrumentation aboard.

3. Both a coarse and a fine inertial measurement unit (IMU) align-
ment were considered to be performed prior to a major maneuver when there
was available time.

4. The RCS heaters were considered to be on continuously for an
hour during initial warm-ups, as is recommended by reference 5.

5. As found in reference 6, the total energy capacity of the descent
and ascent batteries is 46.9 and 17.8 kilowatt-hours, respectively.

6. No guidance and navigation (G&N) equipment was assumed to be in
the operational mode during the first checkout period of the IM.

7. All IM rendezvous equipment was turned on just subsequent to
IM/CSM separation.

8. IM checkout time was assumed to be approximately 2 hours.

9. Descent and ascent stage batteries were assumed to have 1.9 and
1.1 kilowatt-hour redlines, respectively. This assumption is documented
in reference T.

Table VII presents, in comprehensive detail, the analysis supporting
the data found in figures 2 and 3. This particular table identifies every
energy level considered in preparation of the power profiles displayed
in these figures. The "Remarks" column gives justification to the devia-
tion in energy levels found in references 1, 2, and 3 from those obtained
in table VII.

Figure 4 displays the average electrical power levels for the prin-
cipal phases of this mission. From this information, one may perform hasty
feasibility checks in order to determine it slight perturbations
to the current timeline can be accommodated by IM batteries.



CONCLUSIONS

Rendezvous model B-2", the primary rendezvous model, for the nominal
AS~505/CSM-104 /IM-4 mission results in positive margins for both RCS
propellant and IM electrical power at the termination of the ILM-active
rendezvous phase. In particular, the IM-RCS propellant margin at the
completion of docking is 79 1b, and the ascent stage batteries have approx-
imately 10.2 kilowatt-hours of electrical energy remaining at the same
critical time of the mission. The margin at the completion of docking
is particularly significant as this is the point in the mission at which
the crew returns to the command module for the final time. Of secondary
importance is the maximum time from final IM/CSM separation in which the
ascent stage batteries can support an inertially stable platform for the
purpose of a CSM flyby exercise. This time is 6 to 7 hours, while the IM
descent stage has 5.9 kilowatt-hours of electrical energy remaining at
the nominal time of staging.

Rendezvous model C-2 (alternate rendezvous scheme) results in an
RCS propellant margin of 47 1b and an ascent stage electrical energy
margin of 9.3 kilowatt-hours at the completion of docking. For this
particular rendezvous plan, the ascent stage can remain an adequate
passive vehicle for a later CSM flyby if the exercise 1s terminated within
5 to 6 hours subsequent to separation. Ascent stage battery depletion
places the =zbove constraint on the CSM-active portion of the proposed
rendezvous plan. Descent stage batteries have depleted to the
7.5 kilowatt-hour energy level at the nominal time of staging in the
C-2 model.

Each of the above margins represents the planning or useable level
of consumables remaining at a particular time in the mission.



TABLE I.- MODEL B-2" RENDEZVOUS

[October 17, 1967]

Time, hr:min Maneuver System At , sec
93:36 Initial phasing DPS 75
9k4:06 1st CSI RCS 15
96:11 1st CDH DPS 33
98:13 end CSI APS 3.5
98:58 2nd CDH APS 3.5
99:31 TPI RCS 25

TPF RCS 100

TABLE II.- LM-RCS PROPELLANT AVAILABLE FOR MISSION PLANNING?®

Maximum loaded propellant, 1b .

Unusable propellant:

Loading and temperature dispersions, 1lb .

Trapped and unexpelled, 1b

Minimum deliverable propellant, 1lb

Mixture ratio uncertainty, 1b .

Gaging accuracy, 1b . . . . . .

Total available propellant for mission planning, 1b .

638
10
40

588
30
6l

Lol

a

Reference 8




TABLE III.~ LM RCS PROPELLANT USAGE

Block

Propellant, 1b

First docked DPS burn
Second docked DPS burn
Inspection

Rendezvous:

DPS phasing burn

CST 1 (RCS burn)

CDH 1 (DPS burn)

Staging

CSI 2 (APS burn)

CDH 2 (APS burn)

TPI (RCS +x)

TPF (RCS +z)

Docking

Propellant for attitude
maneuvers during rendezvous

IM tracking of CSM-during
rendezvous

Attitude hold for CSM flyby

Total

33.L
66.8

10.0

19.
22,
19.

2.
12.
12.
29.
90.
52.

VT OOoOHKFOWwwWn ®
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1k

TABLE V.- MODEL C-2 LM-ACTIVE RENDEZVQUS

Event G.e.t., hr:min AV, fps B> Sec System
Separation 9k:13 26 17.k DPS
CST, 95:20 25 16.7 DPS
CDH, 95:59 Ly 26 DPS
1st Phase 96:53 100 67 DPS
2nd Phase 98:25 208 37 DPS
Insertion 99:10 T2 - 6.6 APS
CsI, 99:40 60 5.8 APS
CDH,, 100:18 55 5.4 APS
TPI 100:50 21 RCS
Braking 101:25 2k RCS
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